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Abstract 
There are much more obstacles to prevent the commercialization of Surface-conduction Electron-emission Display (SED) as a 
kind of best potential field emission display. Less effort, however, has been made to develop crucial SED emitter materials. So 
we suggested the granular films serve as SED emitters and proposed the details of why to select granular films and how to 
constitute granular films. Furthermore, the four rulers about how to constitute granular films were supposed as following: (a) 
forming the mixture, (b) different showing giant different physical/chemical properties, (c) one of composition showing low 
work function and stability, and (d) feasibility of deposition process.  Basing on these rulers, the Ti-DLC and Al-AlN granular 
films were optimally selected as SED emitter materials and the prototype devices in using these two granular films were all 
fabricated. By comparing with electric properties of other materials SED emitter, our results proved that the granular film was a 
potential SED emitter material with low turn-on voltage of 10.5V for Al-AlN granular films and 11.5V for Ti-DLC granular 
films and low driving current of each unit (or sub-pixel) of 0.17-0.22 mA for Al-AlN granular films and 0.11-0.17mA for Ti-
DLC granular films. 
PACES: 85.45.Db, 85.45.Bz
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1. Introduction 
Surface-conduction Electron-emitter Display (SED) is a kind of high vacuum device which consists of anode 
panel, cathode panel and spacer similar to that of PDP and FED. Cathode panel is composed of base plate, 
electrodes and electron emitter, among which the electron emitter’s material plays a key role in SED device. The 
pre-research of SED electron emitter’s materials was concentrated on Island Metal Films (IMF), discontinues 
semiconductor films and metal oxide films. The phenomenon of Surface conduction-electron Emission (SCE) from 
IMF could be observed under low device cathode voltage due to micrometer or sub-micrometer gap between island 
metal [1, 2]. And similar phenomenon from discontinue semiconductor films could also be observed, which also could 
be attributed to formation of micrometer or sub-micrometer gap on the films [3, 4]. However, the concept of using 
SCE to display was completely proposed by Kumar and Nalin until 1997[5, 6]. Presently, Wang [7] and Zhu [8] 
investigated double-layer electron emitter, such as gold–carbon films on porous aluminum oxide and carbon films 
on the top of island-like tin oxide, as emitter materials, respectively. Their researches showed that the micrometer or 
sub-micrometer gap, which was formed due to bottom island or porous structure, determine the properties of SCE 
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device. Recently, the Cannon Corporation [9] has developed PdO films as emitter materials and the nano gap could 
be observed after electroforming. Emission electron could be determined to originate from scattering electron 
between nano gaps. Tsai et al designed a strip Pd metal deposited on electrodes and nano gap could be acquired by a 
simple and well-controlled high-pressure hydrogen absorption treatment method [10].  
  From the SCE mentioned above we could summarize that it is necessary for obtaining SCE to form micrometer 
or sub-micrometer gap in the films. For IMF and discontinue semiconductor films the micrometer or sub-
micrometer gap were formed by controlling film thickness and post-annealing [1, 2, 3, 4], and for double-layer electron 
emitter the bottom IMF and porous Al2O3 were used to form micrometer or sub-micrometer gap [7, 8]. The nano-gap 
could be formed by applying a varying voltage on the PdO films [9]. The nano-gap on a Pd strip was attributed to 
special geometry and high-pressure hydrogen absorption treatment [10]. The electrons would tunnel between nano or 
micro fissure/gap at low voltage and the part scattering electrons were captured by anode field to bombard 
phosphors to display. 
In order to obtain best performance SCE materials, we must consider how to select emitter materials and 
whether or not nano fissure/gap can be formed in this materials and whether or not this materials’ emitters show 
excellent electric properties such as high efficiency, lower-current and low-voltage driver, long-life, low price, 
environmental  and so on. Little work, however, has been made to develop SED emitters’ materials. Now only the 
PdO films were proposed to be successfully used in display by Canon and a 36 inch SED prototype was exhibited in 
CES 2006, but there are no other SED prototypes shown until CES 2010. For obtaining best performance SED, 
more attention should be paid to study different emitter material and to understand the electric properties of these 
material emitters. In our paper, we proposed granular films as SED emitter’s materials and clear why to select 
granular films as SED cathode materials and how to consist the granular films for forming the necessary nano 
fissure structure. Furthermore, an Al-AlN and Ti-DLC (diamond-like carbon films) granular films were selected to 
be used as SED cathode electron emitter and their electric properties are also reported. By comparing with other 
emitters’ electric properties the granular film was determined to be a kind of potential emitter. 
2. Experiments 
    The device including an 18×1 array unit was fabricated by three steps, namely electrodes patterning, granular 
films patterning and electroforming. The electrodes and granular film were patterned in different mask and same 
process shown in fig1. After optimization of the patterning processes the best parameters of spin optical-resist (Type 
is EPG533 produced by Everlight Chemical Industrial Corp.) time and velocity, pre-bake temperature and time, 
exposure time, development solution concentration and development time, post exposure bake temperature and time 
were determined to 2300min/r and 60s, 100ć and 5min, 65s, 0.5% NaOH and 23s, 105ćand 30min, respectively. 
The deposition processes of the electrodes and granular films are shown in table 1. Electroforming was conducted in 
using simple circuit shown in fig.2 and the details were shown in our other paper [11].  The width between two 
electrodes was determined to 150μm and 50μm for Al-AlN and Ti-DLC granular films, respectively.   
3. Theory of SED emitter in granular films 
3.1 Why to use granular films as emitter materials 
    According to formation of nano/micro gap reported, we concluded the nano/micro gap’s formation mechanism of 
different emitters to migration and loss of emitter’ materials, respectively. For island metal films and semiconductor 
films, the nano/micro gaps were formed due to the shrink of the materials by optimizing the deposition parameters 
or post-annealing [1-4], which was a kind of materials migration. The nano fissure could be formed by deoxygenating 
the PdO in the CH4 atmosphere because of the loss of the O elements [9, 10], which was a kind of materials loss.  
    Granular films are a kind of mixture in which one material is embedded in another material. Its macro properties 
violently change with each of materials and the ratio of these two materials, which made it easy to control granular 
films’ properties. If a composition in granular films could be lost or migrated under the effect of current density, 
chemical solution or heating and so on, after that the local hole or gap might be formed. This is why the granular 
films were selected as SED emitters’ materials by us.  
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Fig 1 Base process for the device fabrication                                          Fig2 Schematic of electroforming set-up 
3.2 How to constitute granular films 
     According to forming mechanism of nano fissure or gap, we suggested that the following four rules of two 
materials (one material embedded in another material) for constituting granular films should follow (a) forming 
mixture, (b) showing different physical/chemical properties, (c) one of  materials showing low work function and 
stability, and (d) feasibility of deposition process. The ruler (a) is a basis and the ruler (b) ensures that the granule in 
the granular films could be transferred by thermal, erosion or other conditions because of their different 
physical/chemical properties, and then the nano gap might be formed on the location of lost granule. The ruler (c) 
present that the remaining materials should have low work function and stability for obtaining high field emission 
density and tolerating high field emission current, respectively. It is necessary for ruler (d) to deposit granular films. 
According to these rulers, Al-AlN and Ti-DLC were preliminary selected in that AlN and DLC show better stability, 
low work function, and chemical inert and the embedded materials Al and Ti show giant physical and chemical 
difference with that of the AlN and DLC, respectively. The low-melting metal materials would be evaporated from 
the granular films if large current density were applied on films, and then a nano fissure might be formed because of 
the lost of metal granular. 
Table 1 Deposition parameters for different films 
  Cr electrodes Cu electrodes Al-AlN granular films Ti-DLC granular films 
Preparation method thermal evaporation 
thermal 
evaporation 
reactively magnetron 
sputtering  magnetron sputtering 
Gas flow/Sccm  Non  Non N2 3.2 Ar 60 Ar 25 
Target power/W Non Non 150 700 
Distance away from 
target/cm ~100 ~100 15 25 
Base pressure/Pa <1×10-3 <1×10-3 <5×10-5 <1×10-3 
Working pressure/Pa 0.005 0.005 0.13 0.8 
Deposition time/s 150 300 600 3600 
Deposition rate/nPs-1 0.2 0.2 0.167 0.1 
Evaporation current/A 80 60  Non  Non 
4. Results and discussion 
4.1 Electroforming 
Triangular wave with variable amplitude from 6V to 13V and varying rate of 0.1V/s, shown in fig. 3 (a), was 
applied between two electrodes. Under this waveform’s voltage the If, shown in fig. 3 (b), could be obtained and the 
correspondingly emitter resistance, defined as a ratio of Vf by If, is shown in fig.3 (c). At the first electroforming 
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period the If decreases abruptly with Vf reaching to 4.5V and the correspondingly resistance shows an increase from 
18 to 203 , which could be attributed to the evaporation of Al granular from the Al-AlN granular films because 
of large Joule heating accumulating in the films. Next electroforming period, the If curves shows a linear with the 
Vf. However, at the third electroforming period the If shows an abrupt decrease again which is lower than that of the 
first with Vf reaching to 6V. Moreover, the relative resistance presents a huge increase up to 6500 , and then 
decrease to 72 , which could also be attributed to evaporating more Al granular’ and re-depositing some 
evaporated Al. We also observed the green light from the anode with green phosphor from this time. Furthermore, 
from the fourth period the If curve shows an “M” type and the resistance curve presents a reverse “V’ type each 
period. In order to clear the relationships between If, resistance ands Vf, we plotted these tree curves at fifteen 
periods shown in fig.4 (a), (b) and (c), respectively. The If increases linearly and resistance keeps constant with the 
Vf less than 3.5V because the local heating was not enough to evaporate the re-deposited Al over-layer on the 
fissure and the electron flowed through the Al conductive net. The If decrease and the resistance increase at the Vf 
range of 3.5V~9V with time, which could be attributed to be that the re-deposited Al on the fissure were evaporated 
repeatedly due to the local heating and the electron flowed the granular films from through Al conductive net to 
through tunneling the nano fissure. In this region, the If-Vf shows typical Voltage Control Negative Resistance 
(VCNR) properties. With the Vf more than 9V the If shows a slight increase and resistance also present stability 
because of the electron transport mechanism completely changed to tunneling. 
 
Fig.3 If-Vf properties curves of Al-AlN                                                  Fig.4 Details of If-Vf properties curves of Al-AlN 
      The If-Vf properties curves of the Ti-DLC granular films were also measured and showed in fig. 5 where 
triangular wave variable amplitude from 6V to 24V and varying rate of 0.5V/s was applied between two electrodes 
covered with Ti-DLC granular films prepared under 60Sccm argon gas flow. Fig.5 (a), (b) and (c) show curves of 
measured Vf, measured If and calculated R with the time delaying, respectively.  At the first electroforming phase, 
the triangular wave with linearly increasing amplitude (Vf) was applied. The peak value of If linearly varied with 
the amplitude of Vf and the R kept constant before the 480s. And then the peak value of If almost unvaried up to 
515s despite of increasing Vf amplitude. Moreover, the peak value of If began to decrease and R showed a slight 
increase with the time up to 700s. Now, the electroforming was suspended and restarted with same Vf waveform 
which was defined the second electroforming phase. According to the changing trend of If and R, three regions in 
the second phase could be defined I II and III.  The variation of If peaks was similar to the first phase and increased 
with the Vf amplitude. However, the R in this region showed a slow increase. From the beginning of the second 
period of region II, the Peak If abruptly decreased and the R oscillated randomly. Next, the R show a giant value up 
to hundred million Ohm and the value of If trended to zero where the Vf increased with only few volts. After that 
violent oscillation, the R presented a period variation with periodic Vf in the region III. The details of the R and If 
were all showed in fig.6.  
      When the Vf increased from 0V to 9V, the If linearly increased and R was about a constant. With the Vf 
continually increasing up to 12V the If reversely decreased violently and R presented a huge increase up to 5K. 
Moreover, with the Vf deeply increasing the If and R slightly increased and decreased, respectively.  At the forward 
half period of Vf, the If and R presented same trends. The If-Vf properties of the Ti-DLC granular films are similar 
to that of the Al-AlN granular films. 
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Fig.5 Electroforming process of the Ti-DLC granular films                      Fig.4 Electroforming process of the region III in fig.4 
      After electroforming, the surface morphology of the Al-AlN granular films observed by optical microscopy is 
shown in Fig. 7(a). The clear nano-fissures on the surface of the Al-AlN granular films could be observed. The SEM 
photographs of surface morphology are also shown in Fig. 7(b)–(d). The widths of nano-fissures were measured to 
be 60–250 nm. Fig. 7(e) shows the surface morphology of the dark islands in Fig. 7(a), appearing as the white 
islands in Fig. 7(b) and (c). The column materials attached to the Al-AlN granular films are depicted in Fig.7 (e), 
which has been determined to Al materials [11]. The surface morphology were related to the current flowing the 
granular films and  some local Al granules were evaporated by local heating due to high current density. With the Al 
escaping from the granular films, some vacancies were formed in the surface of the Al-AlN granular films. With 
more vacancies accumulating, nano-fissure could be formed as shown in Fig. 7(a)̢(d). Our experiments were 
agreement with our rulers of how to constitute granular films. 
 
Fig.7 Morphology of the Al-AlN granular films after electroforming 
4.2 Electric properties 
After electroforming the Ie of Al-AlN granular films and Ti-DLC granular films varied with Vf as shown in fig 
8, respectively. Comparing with fig.6 and fig.8, we found that no electron could be detected before the start of the 
VCNR properties and the Ie could be detected after the end of VCNR properties. The turn-on voltage of Ie was 
defined as a voltage corresponding to the end of VCNR. According to this definition, the turn-on voltage for Al-AlN 
and Ti-DLC granular films were determined to 10V and 11.5V, the correspondingly drive-current was 3mA and 
2.5mA, respectively. The electron emission efficiency, defined as a ratio of the Ie/If, increases with the Vf as shown 
in fig.9. The max efficiency of the Al-AlN and Ti-DLC granular films was 0.1% and 0.15% under 2500V anode 
voltage and 2mm distance away from anode. 
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Fig.8 Emission cerrent as a function of device cathode voltage                       Fig.9 Efficiency evolution with device cathode voltage 
    Table2 shows the turn-on voltage, working voltage, driving current, pixel area, anode voltage, and emission 
efficiency of different SED emitter materials reported in literature. The preliminary electric properties of granular 
films emitters were also included in table 2.  The Al-AlN granular films cathode show lowest work-voltage among 
the entire materials cathode emitter and presents a same level turn-on voltage to that of the PdO. The work-voltage 
and turn-on voltage of Ti-DLC granular films emitter is similar to that of PdO emitter and lower than that of double-
layer cathode emitter and Pd strip. The driving-current for each units (or sub-pixel) of the granular films’ emitter 
was lowest than that of others emitter. Moreover, it is convenient to vary content ratio of elements for further 
decreasing the driving-current for the granular films emitter. 
Table 2 Main electric properties of different SED emitter 
Materials PdO[9] Al-AlN[11] Ti-DLC C/Al2O3[8] Pd[10] 
Turn-on voltage /V 10 10 11.5 22 41 
Working voltage /V 10-21 10-14 11.5-25 22-45 80 
Driving current mA (per sub-pixel/unit) ~0.005-1 ~0.16-0.22 ~0.11-0.16 ~20-30  43 
Max. efficiency/% 3 0.1 0.15 2 Non 
Anode voltage/V 10000 2500 2500 3000 2500 
Distance /mm 1.7 2.5 2 2 0.5 
      The emission efficiency of PdO emitter is 3% under 1.7mm distance between cathode and cathode with 10000V 
anode voltage, which is higher than that of granular films cathode emitter. According to the curves of emission 
efficiency with the distance and anode voltage reported by us, the efficiency would increase if we decrease distance 
and increase anode voltage [11].  We expected that if much more effort could be made to understand the effect of 
different granular composite on the SED electric properties, the best performance SED with high emission 
efficiency in granular films would be fabricated finally. 
5. Conclusion 
Granular films were proposed to be SED emitter and the rulers about how to constitute granular films were 
presented. In line of these rulers the Al-AlN and Ti-DLC granular films were selected and a prototype device basing 
on Al-AlN and Ti-DLC granular films, respectively, were all fabricated. Furthermore, after researching electric 
properties of these two prototype device we found that the VCNR were the typical properties which is 
corresponding to the structure variation during electroforming. The device emission current and conduction current 
curves were agreement with the variation of the granular films’ surface morphology before and after electroforming, 
which is a proof of our design rulers. By comparing main electric properties of different materials emitter, we 
determined that the granular films were potential SED cathode materials with low-driving current and low working 
voltage in spite of low emission efficiency of Al-AlN and Ti-DLC granular films. If different granular films could 
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be experimented to display for SED, the best performance SED emitter basing on granular films were fabricated 
finally.
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